The objective of this paper is to provide an overview of the strengths, limitations and lessons learned from estimating the burden from musculoskeletal (MSK) conditions in the Global Burden of Disease 2010 Study (GBD 2010 Study). It should be read in conjunction with the other GBD 2010 Study papers published in this journal. The strengths of the GBD 2010 Study include: the involvement of a MSK expert group; development of new and more valid case definitions, functional health states, and disability weights to better reflect the MSK conditions; the extensive series of systematic reviews undertaken to obtain data to derive the burden estimates; and the use of a new, more advanced version of the disease-modelling software (DisMod-MR). Limitations include: many regions of the world did not have data; the extent of heterogeneity between included studies; and burden does not include broader aspects of life, such as participation and well-being. A number of lessons were learned. Ongoing involvement of experts is critical to ensure the success of future efforts to quantify and monitor this burden. A paradigm shift is urgently needed among global agencies in order to alleviate the rapidly increasing global burden from MSK conditions. Prevention and control of MSK disability are required, along with health system changes. Further research is needed to improve understanding of the predictors and clinical course across different settings, and the ways in which MSK conditions can be better managed and prevented.
INTRODUCTION
The Global Burden of Disease (GBD) 2010 Study is the most comprehensive effort to date for estimating the global burden of musculoskeletal (MSK) conditions. Taking almost 6 years to complete, GBD 2010 Study has estimated for the first time the burden for all MSK conditions, which include osteoarthritis (OA), rheumatoid arthritis (RA), gout, low back pain (LBP), neck pain (NP), and all other MSK disorders, captured in a group titled 'other MSK disorders'. In this article, we reflect on the strengths and limitations of GBD 2010 Study in an attempt to benefit from the lessons learned to inform future GBD studies, MSK research and interventions.
The results of GBD 2010 Study show that the prevalence and burden from MSK conditions are exceptionally high throughout the world.
1-9 MSK conditions as a group cause 21.3% of the total years lived with disability (YLD) in the world, second to mental and behavioural problems (23.2%). 1 10 Taking into account death and disability, MSK conditions are the fourth greatest burden on the health of the world's population (third in developed countries), accounting for 6.7% of the total global disability-adjusted life years (DALY). 1 10 Out of the 291 conditions studied in GBD 2010 Study, LBP ranked highest in terms of disability (YLD), and sixth in terms of overall burden (DALYs), while NP ranked fourth highest for YLD, and 21st for DALYs. OA, RA and gout were also significant contributors to the global disability burden. 'Other MSK disorders' ranked sixth highest for YLD and 23rd for DALYs.
Osteoporosis was not considered a disease in GBD 2010 Study, however, low bone mineral density (BMD) was included for the first time as one of the 67 risk factors studied. Population attributable fractions (PAF) were determined for low BMD as a risk factor for fractures, and this represented a proportion of the global burden from falls. Similarly, PAFs were determined for occupation as a risk factor for LBP, and elevated Body Mass Index as a risk factor for LBP and OA.
STRENGTHS
Previous approaches for estimating the burden of MSK conditions had four main identified limitations including: (1) estimates of incidence and duration were unreliable in some instances; (2) significant and common health states were excluded; (3) methodological heterogeneity and risk of study bias was not dealt with; and (4) there was often a paucity of suitable data. 11 12 With the most recent iteration of the generic disease modelling software, DisMod-MR, and a newly established set of the disability weights (DW), GBD 2010 Study provided an opportunity to ensure that the burden of MSK conditions was quantified more accurately. As a result, the study has greatly enhanced our understanding of health burden resulting from MSK conditions.
A key strength of GBD 2010 Study was the greater involvement of content experts. This led to the formation of an international network of MSK experts who contributed to the development of new and more valid case definitions and functional health states, which better reflect the natural history of the MSK conditions. A new set of DWs was established for these health states through Viewpoint household surveys in Bangladesh, Indonesia, Peru, Tanzania, household telephone interviews in the USA, and an international web-based survey in English, Spanish and Mandarin. The surveys to establish these DWs have taken into account the importance of the geographic and socioeconomic spread of the world. The methods led to a substantially more representative and comprehensive process than in previous GBD studies, ensuring that impact on people in less developed countries is considered and included. 11 12 The greatest strength of GBD 2010 Study relating to the MSK conditions was the extensive series of systematic reviews undertaken by the MSK Expert Group to obtain data to derive the burden estimates. These reviews identified a large number of population-based studies that fulfilled the set of inclusion criteria. A new risk of bias tool for prevalence studies was developed and tested. 13 This tool was used to assess risk of bias of included studies. Sensitivity analyses were performed to determine the robustness of the burden estimates by excluding studies judged to be at high risk of bias.
Further significant improvement in GBD 2010 Study was the use of a new, more advanced version of the disease-modelling software (DisMod-MR). The software was able to: (1) pool heterogeneous data and adjust data for methodological differences; (2) check data on incidence, prevalence, duration, remission and mortality risk for internal consistency; (3) predict values for countries and regions with little or no data; and (4) incorporate uncertainty about the estimates in the calculations.
LIMITATIONS
Despite these strengths, there were a number of limitations that require consideration when interpreting the results of GBD 2010 Study, and planning for future GBD iterations. Many regions of the world did not have data on the prevalence of some MSK conditions. These have been identified in the disease-specific articles published in this journal. Burden estimates for these regions had to be derived through predictive modelling in DisMod-MR. As a consequence, estimates for regions with missing data are less precise and more likely to have greater uncertainty.
For some MSK conditions, such as LBP and NP, there is considerable methodological variation among population-based studies relating to the prevalence period and case definition used. Therefore, researchers are encouraged to adopt international recommendations for defining MSK conditions. [14] [15] [16] [17] [18] This applies to MSK-specific surveys, and more importantly, to general health and disability surveys. This application will greatly enhance the validity and comparability of future burden estimates.
Another challenge was discerning the health state experience for people living with MSK conditions at the population level. Descriptions of health states were developed for GBD 2010 Study through a consensus process between the GBD MSK Expert Group and the GBD Core Team. However, while the intention was to describe the health state experience at the population level, as opposed to the clinical level, it is difficult to know with confidence how accurate these are. Further research in this area is therefore needed.
The functional domains in GBD 2010 Study refer to body functions and structures (eg, vision) as well as more complex human operations (eg, mobility). They do not refer to broader aspects of life, such as participation, well-being, carer burden and economic impact. To consider the full impact of a condition in a population, it is prudent that burden estimates are supplemented with this information.
Additionally, there was very little data available on disease severity. The data were needed to allocate the health-state DWs across each of the MSK conditions. There were sufficient disease severity data available from epidemiological studies for OA, RA and gout. However, due to a lack of data for estimating severity distribution for LBP, NP and the 'other MSK disorders', the Medical Expenditure Panel Surveys (MEP) in the USA were used. The most pertinent limitation of this is that US MEPs are very unlikely to be representative of the health-state experience for MSK conditions across the world. This is particularly the case in low-income and middle-income countries, where services for the prevention and management of MSK conditions are less extensive than in the USA, and thus, the health-state experience and distribution of severity are likely to be different from highincome countries.
Further to this, the time period over which the severity distribution was determined may be a limitation. For example, the distribution of the severity of RA was based on recent population-based data in high-income countries. As such, there is a lack of data over time, with the current figures primarily based on treated patients, including those who may be prescribed new biological treatments. The data, therefore, may underestimate the level of severity in regions that do not have access to these latest therapies, and do not allow the assessment of the severity distribution over time.
In the case of low BMD, limitations included information on osteoporotic fractures and their burden related to falls, particularly regarding long-term outcomes, not being picked up in health information systems in many regions of the world. For mortality estimates relating to low BMD, only in-hospital deaths involving hip or vertebra fracture were included. Other types of fractures were excluded because it was considered that they were less likely to lead to death. This is likely to have underestimated the burden caused by low BMD.
LESSONS LEARNED AND THE NEXT STEPS FORWARD
Throughout the process of conducting GBD 2010 Study and subsequent analysis of the findings, a number of lessons have been learned, resulting in recommendations for the way forward of future GBD studies, and MSK research and interventions.
The number of people experiencing MSK conditions in lowincome and middle-income countries is likely to increase dramatically over the coming decades. Age is one of the most common risk factors for MSK conditions. 19 The ratio of older to younger people will continue to increase throughout the world 20 with the greatest rate of this ratio increase taking place in less developed countries. 20 Compounding this situation is a predicted major increase in overall populations living in less developed countries. 21 By 2050, an estimated 3.5 billion people 40 years of age or older will be living in low-income and middle-income countries compared to 645 million people living in high-income countries. 20 Additionally, the number of people who are obese, which is one of the major risk factors for MSK conditions, is expected to increase most dramatically in low-income and middle-income countries over the coming two decades. 22 Despite the apparent prevalence differential, there are substantially more people affected by MSK conditions in low-income and middle-income countries when compared with high-income countries. Many of the risk factors associated with MSK conditions in high-income countries are also likely to become more common in low-income and middle-income countries. Work demands are extensive in subsistence communities, and studies have found activities, such as the collection of water and farming activities can increase the risk of LBP and knee pain. The increasing number of people affected by MSK conditions in low-income and middle-income countries is of great concern, as the impact is likely to be extreme and compound other forms of disadvantage. Health promotion and treatment services do not receive the resourcing seen in high-income countries, and health insurance and social security do not commonly exist. A large proportion of those affected are in their most productive years of life. This can have a major effect on a family's livelihood in low-income and middle-income economies, as the ability to be productive in these years is often a necessity to support younger and older family members.
The negative impact of incapacitation due to LBP and/or OA of the knee and hip is further exacerbated in rural areas where activities such as collecting water from clean water sources and farming may reduce significantly. This, in turn, may have major consequences for the rest of the family. Water-borne diseases, such as diarrhoea, and macronutritional and micronutritional deficiencies may increase as a result. Consequently, poverty may increase and further compound community health problems. Further research is needed to gain a better understanding of the 'spill-over' effects of MSK burden in these areas in order to establish comprehensive interventions to mitigate the causes.
Governments and aid programme donors have traditionally placed the bulk of their funds towards programmes addressing high-mortality communicable diseases with a more recent heightened focus on building capacity across the health system and facilitating more integrated, less verticalised systems. However, there is still very little focus and very few opportunities to focus on developing culturally appropriate programmes for the prevention and management of MSK conditions. WHO has been measuring and monitoring the prevalence of chronic disease risk factors in developing countries through their STEPwise surveillance programme. 26 Nevertheless, the focus of the programme continues to be limited to heart disease, stroke, chronic lung disease, cancer and diabetes. WHO has added optional modules for mental health, oral health, violence and injuries, but fails to recognise and include MSK conditions, despite calls to monitor this major cause of global disability. 27 Many health strategies aimed at increasing physical activity to reduce the burden of the chronic diseases listed above cannot be achieved if an individual also has a mobility-limiting MSK condition. Previous calls have been made to WHO to escalate MSK conditions to a higher priority. [27] [28] [29] A paradigm shift is urgently needed among global agencies, such as WHO, if we are to alleviate the rapidly increasing global burden from MSK conditions and prevent avoidable disability. Opportunities should be explored to undertake public health campaigns targeting risk factors that are shared among the chronic diseases (eg, physical inactivity and obesity), and being explicit, that they benefit MSK health as well as other non-communicable diseases (NCDs) with high mortality. This initiative as a whole should be informed through local research on the burden and perceived determinants of MSK conditions in these communities, the ways that people manage their MSK conditions, and other ways to address the overall disease burden.
In low-income and middle-income countries, it is imperative that: (1) any MSK initiative is locally owned and driven; (2) control of planning and decision making sits with the local community; (3) extensive community consultation takes place to facilitate this ownership and improve the likelihood of sustainability; and (4) the services themselves are integrated with existing policy and structures to avoid duplication and mixed public health messages, and ensure that busy staff are not diverted from their usual activities.
There is a clear need for further research to better understand the natural history of MSK conditions in low-income, middle-income and as well as high-income countries. Long-term longitudinal population-based studies that include people with MSK conditions recruited from general population, instead of specialised care centres, such as hospitals and medical centres, are needed to provide valuable information on the average duration and severity of disability from MSK conditions. For example, Public Health England is currently considering doing surveys to gather better data on morbidity of chronic/long-term conditions. Incorporating diaries to track the daily patterns of pain and consequent disability would add greater depth to this research. While they were involved in the review of the healthstate descriptions, involvement of people affected by MSK conditions in the development of the health states was limited in GBD 2010 Study, and this should be strengthened in future GBD efforts. Involving people with MSK conditions in the development of health states will strengthen the accuracy of these. Further research is also needed to better understand appropriate treatment strategies for low back and NP.
It is recommended that juvenile MSK conditions be included in future burden initiatives, as these were not captured in the other MSK category in GBD 2010 Study. Fractures due to osteoporosis were likely to be significantly underestimated due to a range of issues including: restrictions to include only hip and vertebral fractures identified from hospital admissions; poor coding due to the lack of a separate ICD code for low trauma fracture; poor recording of osteoporosis as a possible cause for the fracture; the lack of recognition that all low trauma fractures are associated with increased morbidity and mortality; and the lack of awareness that all fractures over the age of 50 years, regardless of the level of trauma, have potential association with osteoporosis and low trauma fractures. Better methods and coding are needed to adequately capture these incidents. Furthermore, the international MSK Expert Group strongly recommends that osteoporosis be considered for inclusion as a specific disease, and not as a risk factor, in future GBD studies.
OA of joints other than hips and knees should also be considered in future GBD studies, with the health-state description and disability weights related to severe OA revisited and revised. On the one hand, there was a strong push to be parsimonious with the lay descriptions of the health states to facilitate the reading of multiple health states during the household interviews. However, on the other hand, it is important to show the wide range of ways that arthritis can impact on the sufferers in terms of loss of function and limitations in physical activity. The loss of function and participation associated with severe hip and/or knee OA that would be considered for a total joint replacement, if available, was not adequately captured by the final health state, and, nor was the disability weight as high as would have been expected given the weighting of other similar conditions, such as fracture of neck of femur: short term and long term, with or without treatment.
Capturing the total burden of MSK conditions needs more valid and standardised questions in population-based health interview and examination surveys. There should be an attempt to breakdown the 'other MSK' category to provide more useful information to clinicians and policy makers. Estimates of the prevalence and burden of milder severity levels of OA, LBP, NP and other MSK conditions also need to be included and/or strengthened in future GBD studies. The entire issue of chronic MSK pain, generalised and site-specific, warrants further attention for inclusion in future burden estimates. This is because there is a growing push to include chronic pain as a disease in its own right given the enormous personal and societal impact of pain, and that MSK sites of pain are the most frequently reported chronic pain sites.
Viewpoint
The availability of drug treatments will affect the impact of RA, in terms of changes in disability over time and changes within different world regions. The availability of biological disease-modifying antirheumatic drugs (DMARD), most commonly in developed countries, may affect the calculated disability weights. As those receiving these treatments are likely to be considered to have 'mild' RA, subsequently, the proportions that contribute to different disability weights will vary between regions. Future research should consider assessing the impact of these treatments on the severity distribution of RA in different world regions. Likewise, assessing the impact of treatments for the other causes of MSK disorders is equally important and, therefore, also needed to be considered.
CONCLUSION
A major proportion (21%) of global disability (YLD) is caused by MSK conditions. Ongoing involvement of experts who understand the impact of these conditions and the challenges of estimating it are critical to ensure the success of future efforts to quantify and monitor this burden. Prevention and control of MSK disability are required, along with health system changes to mitigate the growing burden of MSK conditions throughout the world. Advocacy is needed to ensure governments, donors, health service and research providers pay far greater attention to the disease burden caused by MSK conditions. 30 Additionally, further research is urgently needed to improve the understanding of the predictors and clinical course of MSK across different settings, and the ways in which MSK conditions can be better managed and prevented. The lessons learned from GBD 2010 Study provide important recommendations for action.
